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ABSTRACT

Two time-of-travel surveys were conducted on the lower Green-Duwamish
River to evaluate impacts of secondary-treated wastewaters discharged
from Renton treatment plant during summer low flow. Drogues were placed
in the river near the outfall on September 18 and October 2, 1979 and
followed by boat until reaching the mouth at Elliott Bay. Samples were
collected for the determination of: temperature; pH; conductivity;
dissolved oxygen; fecal coliforms; BOD; COD; nutrients; and other indi-
cators of stream quality. Flow and other physical data important for
assessing stream quality also were obtained.

The drogues nearly reached the river mouth in 24 hours during both
surveys, reversing direction twice during this period and moving upriver
in response to the influx of estuarine waters at high tide. Stream
guality was generally poor and this condition was associated mainly with
Renton WTP. At 4:1 and 4.4:1, the stream-to-effluent dilution ratios
were far below the 20:1 recommended minimum. Violations of state stand-
ards for temperature and dissolved oxygen were observed. EPA red book
criteria for total residual chlorine and ammonia (un-ionized) were
exceeded wnile nitrite-nitrogen reached borderline levels. These prob-
Tems are accentuated when waters near the outfall reverse direction at
high tide forming poorly diluted blocks of effluent/river water.

The ability of the Green-Duwamish River to assimilate wastewaters dis-
charged by RWTP appears to be exceeded at the current 36 MGD rate of

discharge. Problems associated with the plant will continue to become
more acute as the plant approaches the 144 MGD ultimate site capacity.
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EFFECTS OF RENTON WASTEWATER TREATMENT PLANT EFFLUENT
ON WATER QUALITY OF THE LOWER GREEN/DUWAMISH RIVER

Introduction

The Municipality of Metropolitan Seattle (METRO} completed Renton Waste-

water Treatment Plant (RWTP) in 1965 as part of a comprehensive water
pollution abatement program initiated to improve water gquality in Lake

Washington and nearby areas. Municipal, industrial, and domestic

wastes generated along much of the east shore of the lake, parts of
south and west Seattle, as well as Renton, Auburn, and some other

southern King County communities were diverted to the new secondary

treatment facility. Dechlorinated wastewaters generated by RWTP are

discharged to the Green-Duwamish River for disposal and dispersion.

This facility is the major point-source discharger on the stream.

The RWTP discharge has increased at a fairly constant rate during the
15-year 1ife of the facility to the point where it now represents a
substantial portion of Green-Duwamish flow during some times of the
year. During dry weather, the discharge averages about 56 cubic feet
per second (cfs), or some 36 million gallons per day (MGD). It is
increasing at an annual rate of about 1.7 MGD with a 144 MGD ultimate
site capacity (Finger, personal communication). The most critical time
of year is late summer and fall when warm water temperatures prevail and
river flows may decline to 150 cfs or less.

As RWTP has grown, the Department of Ecology (DOE) likewise has become
increasingly concerned about impacts the discharge may be having on
stream quality. Of particular concern is the "freshwater" portion of
river extending from the outtall downstream to the estuarine waters of
the dredged waterway at the mouth. Past investigators have concentrated
mainly on the Tower waterway and zone of salt water intrusion which at
times extends for some distance up-river, while the fresh waters above
have received limited attention. The need for such information is
especially evident at this time because METRO, DOE, and EPA are nego-
tiating a plan for upgrading the plant which will have far-reaching
implications in terms of Green-Duwamish water quality. A solid base of
data on existing conditions is needed so that the most informed manage-
ment decisions can be made concerning this facility upgrade and future
status of the river.

In response to the need for additional information, DOE conducted an
extensive water quality survey on the freshwaters of the lower Green-
Duwamish during late 1979. The purpose was to assess stream conditions
during summer low-flow with emphasis on measuring impacts of Renton
treatment plant. The results are presented in two reports. This report
(No. 1) describes the dilution and dispersion of RWTP wastewaters plus
selected water quality constituents measured above and for some distance
below the cutfall provide measure of stream impacts. A detailed model-
ing analysis of the dissolved oxygen regime below the RWTP outfall is
given in the second report (No. 2).
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TABLE 1.

Timing of salmon and searu
Green~Duwamish River Basin—

Z/trout fresh water life phases in

Species

Fresh~water
Life Phase

Summer-
Fall
chinook

Upstream migration
Spawning

Intragravel develop.

Juvenile rearing
Juv. out migration

Coho

Upstream migration
Spawning

Intragravel develop.

Juvenile rearing
Juv. out migration

Chum

Upstream migration
Spawning

Intragravel develop.

Juvenile rearing
Juv. out migration

Summer
steelhead

Upstream migration
Spawning

Intragravel develop.

Juvenile rearing¥®
Juv. out migration

Winter Upstream migration
steelhead Spawning
Intragravel develop.
Juvenile rearing®
Juv. out migration
Searun Upstream migration
cutthroat  Spawning

Intragravel develop.

Juvenile rearing®
Juv. out migration

*Normally extends over a two-year period.




Samples initially were collected at lb-minute intervals, then the
sampling interval was iﬁ&?ﬁ ed to 30, 60, 90, 120, and 180 minutes
as the drift progressed. Sampling at the 180-minute interval con-
tinued for %we duration once it was veached. The following water
quality analyses were performed

Laboratory

Turbidity (NTU)
Dissolved Oxygen (mq/1)
(Winkier) :
Fecal Coliform {col/100 mt) ‘otal Residual Chlorine (mg/1)
BOD (mg/1)
cob (mg/1)
Nitrate-N (r
Mitrite-l (w
Ammonia-N (
Total Kjeldahl-N (mg/1)
Orthophosphate-P (mg/1)
Total phosphate-P (rq/l
Tutal suspended >u ids
Total Aikaﬁfﬁity df@
Chlorophyll a uq/é

ure (°C)
Conductance {pmhos/cm)

For the field parameters, specific conductance was measured with a
Beckman Solu-bridge, Type RB-5 probe Orion Re$earfh Tonalyzer/Model
399 A probe was used to determine pH. “ine was
determined by the DPD fervous titrimetric 5crzhﬁ@ i Standard
Methods for the Examination of Water ond (APHA, AWWA, and
WPCF, 1976). Samples for labor axurj analysis yaaked in ice {4%
required) and trxnsported to the @aaw;n@ﬂa of Ec@%@q; 1asu$a?0wy in
Tumwater. ATl anai yses were p@wfgrmeg according to Standard ¥ nod
{ibid) or Methods For Ch oo of Water awd Waoteo s/&ﬂ":‘f\@ 19797 .
Un-ionized amm@n:a was Caicui ted from the ammonia-nitrogen data b35ﬂ4
on pH and temperature conversion (Thurston, et al., 1974).
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5 mea
above the RWTP ocutfall with a Marsh-McBernie Model 201 portable current
meter. Measurements were made at two~foot interva cross the stream
channel. RWTP discharge data also were obtained a is t . Stream
physical characteristics and other possibie factors along the study
area, which might be important to interpretation of the data, were
visually assessed.
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Results and Discussion

Wastewater Dispersion and Dilution

For both surveys the surface drogues took about 24 hours to tra-
verse the 15.5-kilometer (9.7-mile) section of the Green-Duwamish
between RWTP and the First Avenue Bridge above Harbor Island. Flow
reversal occurred twice during each drift. The estuarine waters
appear to slowly move through the wide navigation channel near the
river mouth, accelerate considerably after the river constricts,
then slow as the river's water overcome tidal influence. This is
demonstrated when the distances traveled upriver during flow re-
versal are compared by stream location (Figure 2).

Although not measured, the stream waters probably occillate for a
period in the Tower 3-Km (2-mile) section of river before reaching
Elliott Bay.

Comparison of the Green-Duwamish flow measurements taken immedi-
ately above the RWTP outfall with concurrent RWTP discharge meas-
urements demonstrate extremely low stream/effluent dilution ratios
at the time of both drifts:

River RWTP River discharge Dilution
Date Discharge Discharge below RWTP Ratio
09/19/79 274 (1772 68 (44) 342 (221) 4:1
10/02/79 210 (136) 48 (31) 258 (167) 4.4:1

As a general guideline, pollution problems may be expected to de-
velop in a stream when the dilution of secondary municipal waste-
waters drops below a ratio of about 20:1. This criterion is
addressed in chapter 25 of the Effluent Dilution Zone Guidelines
(March 1980 revision) published by the State of Washington (DOE,
1978). The state guidelines require that dilution calculations be
based on the 7-day, 10-year low flow or other low-flow conditions
established by regulation. A 7-day/10-year low flow of 107 cfs has
been established for the Green-Duwamish at River Km 51.3 near
Auburn (USGS, 1973). A corresponding low flow value has not been
developed for the river near RWTP (River Km 19.3); however the flow
at this location can be estimated from the following drainage area
relationship:

(107 cfs at Auburn)(440 sq. mi. above RWTP)

Low flow near RWTP = (399 sq. mi. above Auburn)

118 cfs

The relationship between the monthly low flows at the USGS Tukwila
gaging station (near the RWTP) and the USGS Auburn station also can
be used to estimate the 7-day/10-year low flow near the facility:

l/cfs (MGD)
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Low-Flow Tukwila Auburn Percent

Month flow (cfs) flow (cfs) Difference
Sept. 79 294 257 13
Aug. 78 353 306 13
Aug. 77 299 257 14

Assuming a 13.3 percent average difference, an estimated 7-day/10-
year low fliow of 121 cfs would result. A 120-cfs low flow for the
Green-Duwamish near RWTP would seem appropriate for use in this
report.

Using a 120-cfs Tow flow and an average annual growth rate of 1.7
MGD for the RWTP during dry weather, the following "worst-case"
dilution ratios would be expected:

Renton Discharge Ditution Ratio
Year cfs (MGD) Stream:RWTP
1979 53 ( 34) 2.3:1
1985 68 { 44) 1.8:1
1990 82 ( 53) 1.5:1
Design Limit 223 (144) 0.5:1

During low-flow conditions, it appears that the RWTP discharge will
be equal to the flow of the Green-Duwamish in about 15 years. The
state Effluent Dilution Zone Guidelines, which address the issue of
dilution requirements, are included in Appendix I.

During periods of low flow, Green-Duwamish waters even as far up-
river as the RWTP (river km 19.3) routinely reverse direction as
the estuarine waters of Elliott Bay push into the lower river
during high tide. A poorly-diluted block of river water combined
with secondary wastewater is created each time flow reversal occurs.
Succinctly, the river receives one wastewater dose as the waters
pass the outfall during normal outflow; as high tide approaches,
river velocity slows, stops, and begins to move upstream resulting
in a second dose; then a third dose is received after high tide
when the flow resumes downstream movement.

Flow reversal is an important factor which should be considered in
dilution calculations concerning the Renton facility. Monitoring
of droyue movements near the outfall during three different high
tide cycles indicate the poor-dilution blocks may range from
localized pooling during moderately high tides up to 0.5 kilometer
{(G.2 mile) or greater in length during periods of extensive tidal
influx:



PER CENT

High Tide Distance Traveled

Heights Upstream
Date Flow (feet) (meters/feet)
09/26 238 10.1 61/200
10/07 210 1.0 488/1600
11715 260 0.9 122/400

Filow reversal appears to occur at tides above about 10 feet during

Tow-flow conditions of about 300 cfs or less. About 75 percent of

the Seattle tides during September and October 1979 exceeded 10 feet.
3

ranging from 8.1 to 12.2 f Thus, fiow reversal routinely occurs
in the Green-Duwamish near the RUTP during low-flow conditions.

3

i

The percentage of wastewater in a number of samples collected near
RWTP outfall during flow reversal was calculated using the follow-
ing equation:

where: - effluent in the sample
nservative tracer in the

Cu = C@nceﬁtw tion of the tracer upstream of the
discharge
Ce = concentration of the tracer in the effluent

Specific conductivity was used as the conservative tracer. The per-
centage of effluent in paowwdﬁéu?ioﬁ blocks formed on two occasions,
September 26 and MNovember 15, ranged from about 25 percent to 100

nercent depending on location {Faggfe 3.
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An average concentration of about 60 percent effluent would be
expected assuming a 4:1 dilution ratio, three doses, and uniform
mixing. Field conductivity transect sampling indicated vertical
mixing occurs rapidly below the RWTP during regular stream outflow.
Lateral mixing appeared to be complete by the time the effluent
moved about 0.6 km (0.3 mile) below the RWTP at Fort Dent Bridge.
Some layering occurs above the facility during flow reversal with
the cooler stream waters moving below the warm surface waters until
reaching the outfall.

The poor-dilution blocks of river/RWTP wastewaters represent

average conditions that may exist in the river during summer low
flow as the facility approaches the 144 MGD design capacity.

Water Quality Assessment

The first 1.6 kilometers of the Green-Duwamish below the RWTP
(effluent pipe to mouth of Black River) is classified Class A in
the Washington State Water Quality Standards (1977) whereas waters
below the Black River are classified Class B. Beneficial uses to
be protected by these two classifications for both fresh and marine
surface waters are given in Appendix A. A review of the water
quality data by parameter follows:

Temperature (°C)

Renton wastewater treatment plant increased the temperature of
Green-Duwamish waters as shown below:

Temp. 0.6
Date Temperature Temp. Renton WTP km below
Sampled  above RWTP Effluent RWTP
09/18/79 18.5 22.8 19.9
10/02/79 14.0 21.7 14.9

Ambient temperature above the RWTP exceeded the state Class A
water quality standard on 9/18/79 (Figure 4). The standard
states: "when conditions exceed 18° Celcius (freshwater) no
temperature increase will be allowed which will raise the
receiving water temperature by greater than 0.3° Celcius.” A
1.4°C increase was observed after dilution (at Fort Dent
Bridge). With the 10/02/79 survey, at which time the ambient
standard was not exceeded, the t = 28/(T + 7) formula which is
the standard applicable in this case, resulted in a 0.75°C
allowable increase. The standard was exceeded by a small
margin (Figure 4). The Class B standard was not violated
below the Black River during either survey.

11
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Temperature is an extremely imporitant consideration in the
case of the Green-Duwamish because, along with pH, it is a
major factor in determining the percentage of ammonia present
in the un-ionized form which is toxic to fish and other forms
of aguatic 1ife. Temperature also may contribute to other
water quality problems. The lower Green-Duwamish appears to
be particularly susceptible to temperature problems because
much of the vegetation has been removed along the stream as it
passes through the valley above.

Specific Conductance (umhos/cm)

Specific conductivity increased below the RWTP, stayed fairly
constant until the river waters reached about vriver km 12.8
(R.M. 8), then increased substantially upon meeting entrained
saline waters from Ellictt Bay (Figure 5).
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pH was within acceptable limits at all stations, ranging from
6.9 to 7.6 throughout the study area. pH appeared to drop
slightly near the RWTP outfall (Tables 2 and 3).

Turbidity
Turbidity remained in the 2-to-5-NTU range throughout the

study area during both time-of-travel drifts. RWTP appeared
to have a slight impact (Tables 2 and 3).

Total Alkalinity

Alkalinity, or buffering capacity, is a measure of the ability
of components in water to elevate the pH of the water above
about 4.5 (U.S. EPA, 1976). The U.S. EPA (1976) criterion for
alkalinity is 20 mg/1 for freshwater aquatic 1ife except where
natural conditions are less. Green-Duwamish waters exceeded
this criterion at all stations during both time-of-travel
surveys. The buffering capacity increased somewhat below the
RWTP (Table 2).
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Dissolved Oxygen (D.0.)

in violation of the state water

surveys {Figure 6).

were

Green-Duwamish waters
quality standards during both

stations along the 1.
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D.0. levels were below the 8.0 mg/1 Class A standard at all

6-km (1-mile) section of stream between

the RWTP and the Black R

liver, duwgag the September 18-

Tevel

S

in

icreased slightly then continued to

survey. D.0O.
gradually decline below Black River,
mg/1 at river km 13.0 (R.M. 8).
mg/1 D.0. or 70 percent Qauufation, whichever is greater.
saturation requirement also was violated (Figure 7).

reaching a low of 4.9

The Class B standard is 6.5

The
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A D.O. violation also was noted below the RWTP during the
October 2-3 survey, but not as evident as during the earlier

survey.

A detailed analysis of factors contributing to the D.0. con-
ditions in the river indicate the RWTP is a significant con-

tributing factor (see Report Mo. 2).

Total Residual Chlorine

The U.S. EPA Red Book criterion of .002 mg/1 was exceeded for

more than 3.2 km below the RWTP (Figure 8).
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The total residual chlorine (ield measurements are given in
Table 4. 1t is important to note that the field technigue
(ferrous DPD titrimetric method) was sensitive to .01 mg/1
whereas the criterion ic substantially lower at .002 mg/1.

Static acute toxicity bioassays performed by Buckley (1973)
indicate residual chiorine was the principal toxicant to fish
in RWTP effluent. Average Z4- and Yb-hour IlLgg concentrations
of 0.23 and 0.20 mg/1 were observed. In 1978 the RWTP went to
dechlorination in an effort to minimize toxicity problems
associated with chlorine, reducing the effluent from about 1.5
to about 0.25 mg/1. Based on the EPA criterion, residual
chlorine levels appear to still exceed safe concentrations for
some distance below the outfall even though the amount of
chlorine discharged has been reduced considerably.

A consideration not addressed when field determinations of
total residugl chlourine are made is the relationship between
chlorine and organic compounds which may exist in wastewater
treatment plant effluents. Widespread concern is developing
concerning the toxic and carcinogenic potential of some halo-
genated organic compounds that may be formed in waters which
receive chlorinated wastewater. This is a developing issue
with the RUWTP.
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1000

loe
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BOD

BODg was uniformly low throughout the study area (Tables 2
and 3).

Fecal Coliform Bacteria

Ihe Class A criterion of 100 colonies/100 ml (median value)
with not more than 10 percent of the samples exceeding 200
colonies/100 ml, was exceeded at some stations (Figure 9), but
did not suggest a problem although the sample size was not
large enough for statistical confirmation.
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FIGURE 9. FECAL COLIFORM SAMPLING DATA COLLECTED ON THE GREEN-DUWAMISH RIVER DURING DOE 1379
TIME-OF -TRAVEL STUDY.

It is not known for certain if RWTP is a significant factor
because the possibility of bacterial re-growth was not in-
vestigated.

The Class B standard of 200 organisms/100 ml, applicable to

the lower 11 miles of river (below Black River), was generally
exceeded during both surveys.
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AMMONIA ~NITROGEN
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Hutrients

A detailed assessment of nitrification and its relationship to
dissolved oxygen levels in the Green-Duwamish River below the
RWTP is discussed in Report No. 2. This report addresses nu-
trient Tevels observed in the river and the relationship to
water quality criteria or standards.

Renton WTP wastewaters contained 13 and 16 mg/1 ammonia (as
nitrogen) at the onset of the two sampling drifts (Tables 2
and 3). Although this is fairily typical of secondarily-
treated wastewaters, it is considered high for the Green-
Duwamish in light of the low dilution. The toxicity of aque-
ous solutions of ammonia is attributed almost entirely to

the un-ionized (NH3) form. U.S. EPA recommends that un-
ionized ammonia should not exceed 0.02 mg/l to protect fresh-
water aquatic 1ife (EPA, 1976). This criterion appeared to
be exceeded for up to 4 km (2-1/2 miles) below the RWTP
(Figures 10 and 11).
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FIGURE 10. AMMOMTA-NTTROGFH SAMPLING DATA COLLECTED ON THE GREEM-DUMAMISH RIVER DURING 1979 DOE
TIME-OF-TRAVEL STUDY.
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FROM THE GREEN-DUWAMISH RIVER DURING DOE 1979 TIME-OF-TRAVEL STUDY.

CALCULATED CONCENTRATIONS OF UN-TONIZED AMMONIA IN WATER QUALITY SAMPLES COLLECTED

Ammonia discharged to a stream is converted to nitrates by

Nitrosomonas and Nitrobacter bacteria, as follows:

1b. 02 required per

Nitrosomonas 1b. N. oxidized Formula
- +
NH3+3/202 » NO, + H,0 + H 3.42 |
and
Nitrobacter
NO,+1/20, ~ NO, 1.14 2
Total Reaction
- +
MH3 + 202-» NO3 + HZO + H 4.57 3

Formula 1 above shows that nitrites are an intermediate

product formed during nitrification. U.S. EPA recommends
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that nitrites should remain below 0.06 mg/1 to protect sal-
monid fishes (U.S. EPA, 1976). As shown in Figure 12,
nitrite-nitrogen steadily increased in the Green-Duwamish
below the RWTP reaching the borderline range, in terms of

toxicity, of 0.05 to 0.06 mg/1 at about river km 12.6 (R.M,
8).

RUTP
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b § : 4 ¢ b . i + ¢ + T RRUSUUY S P O S—

zZ 1 2 2 4 5 &6 7 8 @ 12 14 135 18 17 18 18 20
3

DUAAKISH RIVER DURING DOE

ate data are often compared to the algal
bioom thresholds of 0.3 mg/1 nitrate and 0.01 mg/1 dissolved
orthophosphate refered to by Klein (1959). These values
address Takes and are applicable to streams only in some cases
where the waters are sluggish and shallow. Even then, there
are severe limitations in applying this criterion to the lower
Green-Duwamish. Nitrates generally increased in the river
below the RWTP exceeding the algal bloom criteria (Figure 13).

Nitrate and phosphat

e
0
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FIGURE 13. HITRATE-NITROGEN SAMPLING DATA COLLECTED ON THE GREEN-DUWAMISH RIVER DURING DOE
1879 TIME-OF-TRAVEL STUDY .

Phosphates also increased (Tables 2 and 3). The waters ap-
peared to be enriched in terms of these two constituents.
Based on the chlorophyll a and pheophytin a concentrations
observed, algal population appeared to be generally healthy,
but bloom conditions did not exist during either time-of-
travel drift (Tables 2 and 3). Other possible Tlimiting
factors to be considered may include 1light, temperature,
hydrology, detention time, attached algae, or aquatic macro-
phytes, or some inhibitory constituent(s) in the RWTP waste-
waters or ambient river waters.

Total Suspended Solids

Total suspended solids were low throughout the study area
during both time-of-travel surveys (Tables 2 and 3).

Metals and Other Priority Pollutants

Seattle METRO was in the early stages of planning a compre-
hensive pretreatment and toxicanl sludy al Lhe Lime of Lhe DOE
time-of-travel study. Since the Green/Duwamish and Renton WTP
are included in the METRO assessment (which is in progress as
of this writing), metals and other toxics were not addressed
in the DOE effort. This aspect must be given consideration in
any overall analysis of water quality in the lower Green-
Duwamish River.
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Summary and Comments

A summary of water quality problems associated, at least in part, with
RWTP observed in the Green-Duwamish River during the two time-of-travel
surveys, September 18-19, and October 2-3, 1979, follows:

1.

Dilution - At 4:1 and 4.4:1, the stream-to-effluent dilution
ratios were substantially below the Z0:1 minimum recommended
in the state effluent dilution zone guidelines. The guide-
lines are based on the 7-day, 10-year, low flow. If these
conditions had prevailed at the time of the survey, a 1.8:1
ratio would have existed. Assuming a 1.7 MGD annual growth
rate (dry-weather flow) for the RWTP, the discharge will be

equal to the total river flow in about 15 years.

Flow Reversal - During low-flow conditions, the Green-Duwamish
near RWTP routinely changes direction in response to the in-
flow of tidal waters from Elliott Bay moving into the lower
river, Poorly-diluted blocks of river and wastewater form
during tides above about 10 feet. Tides at or above this
Tevel appear about 75 percent of the time when river flows are
less than 300 cfs. The blocks may range from localized pool-
ing up to 0.5 km or more in length, depending on tide height.
The percent wastewaters in these blocks at times may exceed

60 percent.

Temperature - The state water quality standard for Class A
waters was exceeded during both surveys. Although not ap-
parently substantial (1.4 and 0.75 °C), the violations are
important considerations because: (A) Ambient temperatures
approached the upper limit for some salmonids during the
September survey; (B} temperature and pH are the principal
factors in determining the percent of ammonia in aqueous
sotutions present in the toxic un-ionized form. As these
twn parameters increase, the amount of un-ionized ammonia
present increases rapidly; and (C) thermal shock can adversely
affect salmonids, at least indirectly, even where a tempera-
ture change of only 2°C is involved.

Dissolved Oxygen - D.0. concentrations below the RWTP declined
to below the state water gquality standard of 8.0 mg/1 (Class A
waters) and continued to decline slowly until reaching 4.9
mg/1 (Class B waters standard = 6.5 mg/1) at river km 12.8,
during the September survey. A less evident violation was
observed during October.

Total Residual Chlorine - Dechlorination was implemented at
RWTP 1n 1978, reducing residual chlorine concentrations in
the final effluent from about 1.5 to 0.25 wmg/1. Data col-
lected from the river below the outfall indicate the outfall
continues to exceed safe levels. U.S. EPA recommends that
total residual chlorine should not be allowed to exceed .002
mg/1. This criterion appeared to be exceeded for over 3.2 km
{2 miles) below the outfall.
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6. Un-ionized Ammonia - U.S. EPA recommends that un-ionized
ammonia should not exceed 0.02 mg/1 to protect freshwater
aquatic life. This criterion appeared to be exceeded for
about 4 km (2-1/2 miles) below the RWTP.

7. Nitrite - U.S. EPA recommends that nitrites not be allowed to
exceed 0.06 mg/1 to protect salmonid fishes. Nitrites steadily
increased below RWTP reaching borderline concentrations of
0.05 to 0.06 mg/1 in the lower river.

At the current dry-weather discharge of approximately 36 MGD secondary-
treated wastewaters, Renton WTP appears to be exceeding the assimilative
capacity of the Green-Duwamish River during Tow-flow periods. The
stream has some serious water quality problems if state effluent guide-
Tines, EPA water quality criteria, and state water quality standards are
used as indicators of condition. Adverse stream conditions associated
with the RWTP are expected to become more severe if the plant continues
to treat greater quantities of wastewater and approaches the 144 MGD
ultimate site capacity. Unless a major change in waste handling or
treatment occurs, it appears that the Green-Duwamish will essentially
evolve into a wastewater pipeline between Renton and Elliott Bay within
about 20 years.

As previously stated, the state water quality standards classify the
1.6-kilometer (one river mile) section between the RWTP and the Black
River as Class A, whereas the river between this point and Elliott Bay
is classified as Class B. Presently the river below the Black River is
physically quite similar and used for essentially the same purposes as
above. It would appear that the Class A designation should be reviewed
and could logically be moved downstream to the upper end of the Duwamish
dredged waterway.

It appears that the stream water quality monitoring network on the lower
Green-Duwamish River maintained by METRO should be altered to better
track the effects of the RWTP. A new station at Fort Dent Bridge (0.6
ki below Lhe plant) would seemn dppropriale.  Sampling dala abl this
Tocation would not only provide an improved indication of stream im-
pacts, but also be of value in monitoring immediate river response to
any operational changes that may he undertaken at the plant to improve
effluent quality.

Some additional studies are needed on the river to better characterize
stream conditions as they relate to the Renton WTP. Information on
fishes which inhabit or may otherwise utilize the lower Green-Duwamish
during critical summer low-flow periods is very limited. Some diffi-
culty was met in attempting to remain with the same block of stream
water between the RWTP and the river mouth. Fixed stations at selected
sites sampled frequently over a 24-hour period would provide a clearer
picture of changes the poor-dilution blocks undergo while moving down
river. In situ biocassays may be of benefit in determining actual
benefits derived from dechlorination at the RWTP.
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Table 4. Summary of total chlorine (residual) sampling data collected from the
Green/Duwamish River during November 8 and 15, 1979.

November 7 Sampling Run November 15 Sampling Run
Station (Start Drift at Mid-Flood Tide) (Start Drift at High Slack Tide)
Distance Below Total Chlorine Distance Below Total Chlorine
Renton STP (Residual) Renton STP (Residual)
(meters) (mg/1) (meters) (mg/1)
1. 0 .08 0 .20
2. 100 .07 0 .16
3. 500 .05 100 .13
4, 550 .06 250 .12
5. 1,050 .03 3501/ 15
6. 1,300 .04 500 .18
/. I,500 .03 550 .15
8. 1,800 .03 600 .08
9. 2,200 .01 1,000 .07
10. 2,400 .01 1,300 .06
11. 2,700 .01 1,200 .03
12. 2,900 .01 1,600 .07
13. 3,200 .01 1,300/ .03
14. 2,100 .04

l/Periodicaﬂy moved drogues a short distance upstream in an attempt to delineate
dimensions of the poor-dilution block.
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APPENDIX A

State of Washington, Department of Ecology Effluent
Dilution Zone Guidelines.

State of Washington, Department of Ecology Water Quality
Standards; WAC 173-201-050, Characteristic Uses to be
Protected.
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Chapter 25
EFFLUENT DILUTION ZONE GUIDELINES

25.1 Regulations [Revised 3/80]

The State of Washingtoen water quality regulations directly re-
lating to the establishment of dilution zones are:

"The total area and/or volume of 4 receiving water assigned
to a dilution zone shall be as described in a valid dis~-
charge permit as needed and be limited to that which will:

a. Not cause acute mortalities of sport, food, or com-
mercial [ish and shellfish species ol cstablished
biolegical communities within populations or impojt:
ant species to a degree which damages the ecosystem

b. Not diminish aesthetic values or othe: beneficial
uses disproportionately.”

25.2 General Requirements for Dilution Zones

The quality of water outside the dilution zone shall be maintained
at the existing water quality ov shall satisfy established water
quality standards, whichever requirement is higher.

Pilutinn zones shall be located in an area of the receiving water
where the effluent will have no effect on beneficial uses. These
uses include migration of aquatic life, recreational uses, osnd
agricultural uses.

The overlapping and interference of two or more dilation zones

are not permitted. No dilution zone will be permitted for new

developments or facilities when the dilution ratio of receiving
water to effluent is less than 206:1.7

No dilution zones will be permitted in lakes with a surface ares
of less than 1,000 acres. For lakes with surface arecas greater
than 1,000 acres, a dilution zone will be permitted if advanced
waste treatment is provided to the effluent. The dilution zone
location for lakes shall be handled on 2 case-by-case basis to
the satisfaction of the Department.

No exposed discharges will be permitted.
No dilution zones for new sources will be allowed in areas where

existing water quality does not meet established receiving water
quality cviferia

~ A 10-year, 7-day low flow or a low flow established by regulation
shall be used in the calculations.

Source: Department of Ecology, 1973. “Criteria for Sewage Works Design".
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25.3 Rivers [Revised 3/80]

Ditution zone boundaries shall pot cncompuass more than 15 percent
of the width ot o stresm or incliude wore than 15 percent of the
votnme of the river Flow.™ For civers less than 680 feel wide,
the dijution zone houndary with respoclt to the walerlbing ot Tow
flow™ shall begin at s point from fh shore Lhat s a winium

of 15 percent of the stoeam width For rvivers greater than

680 fect in wodth, the dilution sone © aimdary shatb be g minimnm
ol 100 feet oul From the watcs!ine ot lov [ low.

The following is
description.

The
oot

(]

1

}:1'
e

!
ow Lhe

it

the dilution zone dopth, width, and length

o

PR ETSRS PP N T

/).

aof i {y o
surcace of the witer {(Lipare

The tength of the dilntion zone =hall erxtend
laterally to 300 fcet from the couteriine of Lhe
diffuser (figure 8).

The width of the dilution zone sholl nol ¢xlond
into the shoreline ureas deoscribed above (sea
figure &) and will e either:

(a)  The tenpgth of the dif fises plos e
oy

(b} 15 percent of the width of the stream;
ever is less.

25.4 Es

tuaries

The diffuser section of the outfall
advantage of predominant currents
100

boundary shall be at

least

shall be situated to take

mean lower low water (figure 9).

The dilution zone depth, width,

IS The 1imits of the d
one fool below the
bottom (figure 107.

o
centerline of the d
depth of the water

o The width of the di

the diffuser
diffuser or
whichever

above the
estuary,

A 10-year

shall be vsed in the

calontat

A-4

~f the estuary.  The dilution
feet from the shoreline measured
and lenpgth shall he as follows:

1 denth shall he
Lot the

tlution »one

surface Lo one ahove

The length of the dilution zone with respect to the

tffusex shall be L0 feet plus the

above the diffuser™ (figure 11).

lution zone shall be the legth of

plus 100 feet plus the depth of the woter

15 pervcent of the width of the

is less (figure 11).

tons .

[RRRES

feot

witich-

4t

s I-day low flow or o low tlow catablished by regutation



& WATER SURFACE

8 I
WATER QUALITY MUST BE MET IN THIS ZONE 1.0 Ft

.

DEPTH OF
DILUYION ZONE DILUTION YONE
FOR RIVERS

- DIFFUSER

M’N\%N‘ /.,.«‘,/‘\‘w ,.:,L,‘—/"

Figure 7

VERTICAL BOUNDARY OF RIVER DILUTION ZONE

A THE LENGTH OF THE DILUTION ZONE OR
THE LATERAL DISTANCE FROM THE
CENTERLINE OF THE DIFFUSER SHAIL L
N(/)T EXCEED 300 FEET
| |
| {
s |
300
| i
! |
! l
| |
i :
DILUTION ZONE WIDTH: 5 I
| piFrFuser |
I LENGTH {
§ IR
METHOD (a) ,.,.%___4 ,_-(4“ . 57 o o .,..(_,_wéé_" 708 [P —
METHOD (b} e e eren
15% OF STREAM WIDTH
Select whichever is less.
300° ’J
-~
@//Z./,/
_//W Figure 8

LENGTH AND WilTH OF
RIVER DILUTION ZONE
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(2) CILASYS A (BXCELLENT) .

{a) General Characteristic. Water guaiity of this class
shall meet or exceed the requirements for all or sub-
stantially all uses.

{(h) Characteristic Uses. Charascteriastic uses shall include,
but sare not limited to, the Tollowineg:

(1) Water supply {domestic, industrial, agricultural).
(i1} Wildlife habitat, stock wataring.

(Liil) General recreation and aesthetic enjoyuwent (vic-
nicking, hiking, fishing, swinming, skiing, and
boating) .

(iv) Commerce and navigation.

(v} Fish and shellfish reproduction, rearing, and
harvesting.

(c) Water Quality Criteria.
(i) Fecal Coliform Organisms

(A} TFreshwater - Fecal Coliform Organisns chall
not exceed a median value of 100 organisms/100
ml, with not more than 10 percent of <sanplos
exceeding 200 organisms/100 ml.

(B} Marine water - Fecal Coliform Organisms shall
not exceed a median value of 14 organisms/100
ml, with not more than 10 percent of samnples
exceaeding 43 organisms/100 ml,

(i1} Dissolved Oxygen.

(A} Freshwater - Diszolved oxygen shall excend
8.0 my/1.

(B) Marine water - Dissolved oxygen shall exceed
6.0 /1, except when the natural phenomenon
of upwelling occurs, natural dissolved oxygen
levels can be degraded by up to 0.2 mg/1 by
man-caused activities.

(i1i1) Total Dissolved Gas ~ the concentration of total
dissolved gas snall not exceed 110 percent of
saturation at awny point of sample collection.

Source: Department of Ecology, 1977. "Washington State Water Quality Standards".
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{iv)

(v)

(vi)

{(vii)

(vidii)

Temperature - water tenperatures shall nolt crceod
18.0° Celsius ({frechwater) or 16.9° Celsius
(marine watex) due o human activiities. Tempora-
ture increases shall not, at any time, exceed t
= 28/(T + 7} (1f,thdLLr) or bt o= 1Z2/(1 - 2}
(marine watex) .

When natural conditions exceed 12.0° Celgcing
(freshwater) and 16.0° Celsius {(marine water), no
Lemperatnre increase will be allowed which will
raise the receiving water temperature by greocter
than 0.37 Colsins.

Fer purpeoses hereoi, "t" represents the permissive
temperature change across the dilution zone; and
"M represents the highest existing temperature in
this water classification outside of ary dilution
SONe .

Provided that temperature increase resuliing from
nonpoint source activities shall not exceed 2.8°¢
Celeius, and the maximum water temperaturae shall
not exceed 18.3°% Celsius (freshwater).

pH shall he within the range of 6.5 to §.% (irecsh-
valer) or 7.0 to %.% (marine water) with o man—
caused variation within a range of iess than 0.5
units,

Turbidity shall not exceed 5 NTU over baclkground
turbidity when the background turbidity ie¢ 50 NTU
oy less, or have more than a LU percou't' increacgce
in turbidity when the background turbidity is
nore than >0 NTU.

Toxic, radioabtf.vey or deleterious material con-—-
centrations shall be below those of public health
significance, or which may cause acute or chronic
toxic conditions to the aguatic piota, or which

way adversely aifect anv water u

Aestheltic values shall not be impaived by the

presence of materials or thelir effects, exwcluding
X o ]
those of natnral origin, which offend the senseg
of sight, ool touch, oy tasioe.
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(3} CLASS B (GOOD).

(a) General Characteristic. Water quality of this class
shall meet or exceed the requirements for most uses.

(b) Characteristic Uses. Characteristic uses shall include,
but are not limited to, the following:

(1) Industrial and agricultural water supply.
(1i) Fishery and wildlife habitat.

(iii) General recreation and aesthetic enjoyment (picnick-
ing, hiking, fishing, and boating).

(iv) Stock watering.
(v} Commerce and navigation.

(vi) Shellfish reproduction and rearing, and
crustacea (crabs, shrimp, etc.) harvestLing.

(c) Water Quality Criteria.
(1) Fecal Coliform Organisms.

(A) Freshwater - Fecal Coliform Organisms shall
not exceed a median value of 200 organisms/100
ml, with not more than 10 percent of samples
exceeding 400 organisms/100 ml.

(B) Marine water -~ Fecal Coliform Organisms shall
not exceed a median value of 100 organisms/100 ml

with not more than 10 percent of samplies exceedlng
200 organisms/100 ml.

(ii) Dissolved Oxygen.

(A) Freshwater - Dissolved oxygen shall exceed

6.5 mg/l or 70 percent saturation whichever
ls greater.

(B) Marine water - Dissolved oxygen shall exceed
5.0 mg/1l or 70 percent saturation, whichever
1s greater, except when the natural phenomenon
of upwelling occurs, natural dissolved oxygen
levels can be degraded by.up to 0.2 mg/1 by

nan-causcd activities.
(iii) Total Dissolved Gas ~ the concentration of total
dissolved gas shall not exceed 110 percent of
saturation at any point of sample collection.

(iv) Temperature - water temperatures shall not exceed
21.0° Celsius (freshwater) or 19.0° Celsius
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(marine water) due to human activities. Temper-—
ature increases shall not, at any time, exceed

t = 34/(T+9) (freshwater) or t = 16/T (marine
water) . .

When natural conditions exceed 21.0° Celsius
(freshwater) and 19.0° Celsius (marine water), no
temperature increase will be allowed which will
raise the receiving water temperature by greater
than 0.3° Celsius.

For purposes hereof, "t" represents the permissive
temperature change across the dilution zone; and “TV
represents the highest existing temperature in this
water classification outside of any dilution zone.

Provided that temperature increase resvlting from
nonpoint source activities shall not exceed 2.8°
Celsius, and the maximum water temperature shall
not exceed 21.3° Celsius (frechwater).

{(v) pH shall be within the range of 6.5 to 8.5 (fresh-
water) and 7.0 to 8.5 (marine water) with a man-
caused variation within a range of less than 0.5
units.

(vi} Turbidity shall not exceed 10 NTU over background
turbidity when the background turbidity is 50 NTU
or less, or have more than a 20 percent increase
in turbidity when the background turbidity is
more than 50 NTU.

(vii) Toxic, radioactive, or deleterious material con-
centrations shall be below those which adversely
affect public health during characteristic uses,
or which may cause acute or chronic toxic condi-
tions to the aquatic biocta, or which may adversely
affect characteristic water uses.

(viii) Aesthetic values shall not be reduced by dissolved,
suspended, floating, or submerged matter not
attributed to natural causes, so as to affect
water use or taint the flesh of edible species.

{(4) CLASS C (FAIR).
{(a) General Characteristic. Water quality of this class
shall meet or exceed the requirements of selected and

essential uses.

(b} Characteristic Uses. Characteristic uses shall include,
but are not limited to, the following:
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Part I1

THE IMPACT OF EFFLUENT FROM THE RENTOM WASTEWATER TREATMENT PLANT
ON THE DISSOLVED OXYGEN REGIMEM OF THE LOWER GREEN/DUWAMISH RIVER

by
William E. Yake
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ABSTRACT

The impact of Renton wastewater treatment plant effluent on dissolved
oxygen concentrations in the lower Green/Duwamish River was modelled
using a modification of the Streeter-Phelps equation which accounts
for longitudinal dispersion. Rate constants and ather variahles were
determined from data collected during two 24-hour drift surveys con-
ducted during September and October of 1979.

Dissolved oxygen concentrations below the plant discharge were de-
pressed 2 to 3 mg/1. Based on model results and interpretation of
survey data, nitrification of effluent ammonia was found toc be re-
sponsible for about 95 percent of the observed dissolved oxygen
depression. Model extrapolation to 1985 suggests further substan-
tial degradation of the lTower Green/Duwamish River as plant flow
increases and instream dilution ratios decrease.
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THE IMPACT OF EFFLUENT FROM THE RENTON WASTEWATER TREATMENT PLANT
ON THE DISSOLVED OXYGEN REGIMEN OF THE LOWER GREEN/DUWAMISH RIVER

Introduction

During September, October, and November of 19/9, the Water and Waste-
water Monitoring Section of the Department of Ecology (DOE) conducted a
series of studies to define the impact of the Renton wastewater treat-
ment plant cffluent on the Tower Green River and Duwamish Waterway
during low river flow conditions. Hydraulic, organic, and solids load-
ing to the plant have continued to increase substantially during the
past several years and concern has grown that the assimilative capacity
of the Green River is being approached or exceeded. During low river
flows, dilution ratios have dropped to as low as 4:1 (viver flow: efflu-
ent flow).

This paper focuses on the effect of the Renton effluent on dissolved
oxygen concentrations in the freshwater portion of the lower Green
River. The dissolved oxygen regimen of the lower Green River is model-
led and the effects of in-stream nitrification of effluent ammonia
receive special attention.

Certain parameters incorporated into the model are expressed in common
English units. For this reason, the text and graphics of this report
use the same units. To aid in the conversion of common English units to
metric units, the following table is provided:

Table 1. Conversion Table, English to Metric Units.

English Unit Conversion Factor Metric Unit
Feet (ft) X 0.3048 = meters (m)
Miles (M) X 1.609 = Kilometers (km)
Feet/second {Ips) X 18.288 = Meters/min.
Miles/hr. (mph? X 1.609 = Kilometers/hr. (kph)
Pounds (1bs) X 0.4536 = Kilograms (kg)
Million gallons/day (MGD) X 2.6288 = Cubic meters/min.
Cubic feet/second (cfs) x  28.315 = Liters/second

x 101.93 = Cubic meters/hr.

Setting

The studies conducted on the Green/Duwamish system focused on the
tidally influenced portion from the mouth at Elliott Bay to River Mile
(R.M.) 13 (see Figure 1). The Renton plant discharges at R.M. 12 and,
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although tidally influenced, the river remains predominantly fresh until
R.M. 7. The portion between R.M. 7 and R.M. 5 can range from 0-40%
saltwater depending on tide stage and river flow. Low dissolved oxygen
concentrations in the saltwater estuarine portion of the system have
been noted previously (Pyrch, et al., 1976). Depressed oxygen concen-
trations in the Tower estuary have historically been attributed to the
Tow oxygen concentrations in a saltwater wedge. This wedge-water moves
upstream slowly and is continually stripped into the fresher surface
waters, by the net seaward movement of the river. The rate of stripping
(and thus the age and dissolved oxygen concentration) of this wedge-
water is controiled largely by river flow. Surface concentrations of
dissolved oxygen are a function of dissolved oxygen concentrations in
the wedge, amount of saltwater present in surface waters, and reaeration
rates in the estuary. Worst-case conditions exist, therefore, during
the later summer and fall when river flows are lowest and dissolved
oxygen concentrations at depth (i.e., in the wedge) are Towest.

Tidal action also significantly affects the distribution of effluent in
the river. Because even moderate high tides reverse river flow at the
effluent outfall, that portion of the river from immediately above the
outfall to several miles below the outfall is subjected to slugs of
poorly diluted effluent, usually twice a day. These "poor dilution
blocks" were observed to contain up to 60% effluent. As the blocks move
downstream, they disperse longitudinally and appear to lose their in-
tegrity after one complete tidal exchange.

The river portion of the system (R.M. 6 to 13) has a bed consisting of
silt and sand with riprap along much of the bank side. Average river
depth is here assumed to be 5 feet, although detailed soundings were not
conducted.

The Renton wastewater treatment plant is an activated sludge plant with
a present average daily dry weather flow of about 36 MGD. According to
the plant's operations supervisor (Finger, personal communication), flow
from approximately noon to 2:00 a.m. is about 50% greater than the
average flow. It is estimated that dry weather flows al Lhe plant are
increasing at the rate of about 1.7 MGD per year (Nunnallee, personal
communication).

Based on design criteria, the plant is approximately 45% organically
overloaded (Nunnallee, 1979). Under these adverse conditions, only
tight operational control allows the plant to consistently meet its
permit limitations of 15 mg/1 for carbonaceous BOD and suspended solids.
Because waste activated sludge is exported to the West Point treatment
plant for treatment and disposal, the Renton plant has greater Tatitude
in the quantity and type of sludge generated than would an ordinary
activated sTudge plant with on-site sludge digestion. During the study
period, the plant was operating with a very low sludge age (1 to 2
days). One reason for this mode of operation is to explicitly avoid
nitrification. Aeration capability at the plant is Timited and full
nitrification would be difficult without additional aeration capacity.

During the study there was no evidence of in-plant nitrification; all
inorganic nitrogen was discharged to the Green/Duwamish system as
ammonia.



Methods

Most of the data upon which this paper is based were collected during
two 24-hour time-of-travel surveys. [rogues were placed at the outfall
and tracked for 24 hours. The first survey (9/18-19/79) was begun about
an hour before the full effects of high tide were evidenced at the
outfall. During high tide, as previocusly noted, a poor dilution block
forms with concentrations of up to 60% effluent. This drift began in
that block. The second survey (10/2-3/79) was begun during Tow tide.
Under these conditions, the dilution of effluent is rapid. Water
samples wevre collected and field analyses were performed at frequent
(15-minute) intervals at the beginning of each drift. Sampling inter-
vals decreased to once every three hours by the end of the survey. The
time and location of each sampling site was recorded. Water gquality
analyses which are incorperated into this paper include temperature,
dissolved oxygen, specific conductivity, nitrate-N, nitrite-N, and
ammonia-N. Field tests and laboratory analyses of effiuent samples
obtained immediately prior to each drift defined effluent characteris-
tics including multiple day carbonaceous BOD, specific conductivity,
temperature, nitrate-N, nitrite-N, and ammonia-N. Effluent flow at the
beginning of each drift was obtained from the treatment plant's effluent
flow meter and river flow was calculated from velocity and depth measure-
ments obtained at 2-foot cross-stream intervals using a magnetic flow
meter with top-setting rod.

Model Formulation

After reviewing the data obtained during this survey, several phenomena
were apparent. Dissolved oxygen concentrations were depressed down-
stream from the outfall and the concentrations of nitrate and nitrite
increased with time as the drift progressed. Ihe data were somewhat
difficult to interpret, as tidal effects resulted in receiving water
samples with varying effluent concentrations. To clarify these results
and better define the causes of the dissolved oxygen depression, the
freshwater portion of the system was modelled. This model was based on
a model developed by John Yearsley of USEPA Region X (Yearsley, 1976,
1978). Substantial changes were made in the model. Therefore, descrip-
tions of the major model elements and assumptions are included here.

The central equation of the model is given in Equation 1 (0'Connor and
Thomann, 1971).

K, F(1-vA;)x FO1-/A, )%
Eg. 1. D, =D, - (z—¢) e -8 C.+
2 1 A A
1 2
K F(1-/A,)x F(1-V/A,)x F(1-VA,)x
<R§T~?‘“) € T § ¢+ (D_-D w?w«m—z )
2 3 A3 A2 S AZ
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where F u/ 2e

A, =1 + 4K1s/u2
A, =1+ 4K2z:/u2
Ay =1+ aKge/u”

D = dissolved oxygen concentration at a location x ft.
downstream from effluent discharge

D = dissolved oxygen concentration after initial mixing
(x = 0), mg/1

D = saturation oxygen concentration, mg/1
and, K, = carbonaceous BOD rate constant, base e, sec”}
K., = reaeration rate constant, base e, sec']
K, = nitrification rate constant, base e, sec“]

u = net mean downstream velocity, ft/sec

« = dispersion coefficient, th/sec

CC = ultimate carbonaceous BOD concentration after initial mixing
mg/ 1

Cn = nitrogenous oxygen demand concentration after initial mixing
mg/ 1

x = distance downstream from discharge, ft

F= Yo

This equation is an adaptation of the classic Streeter-Phelps oxygen sag
equation which accounts tor the longitudinal dispersion present in
tidally influenced systems. The dispersion coefficient (¢) used here is
80 ftz/sec, the average value obtained by Fischer (1978).

Determination of values used in the model will be discussed in some
detail.

Velocity (u)

Velocity measurements are based on droguc Tocations and times
recorded during each drift. Figures 2 and 3 present these location
and velocity data. The model is valid only for the freshwater
portion of the system (R.M. 12 to approximately R.M. 6). The
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difficulty posed in determining an average velocity is apparent in
Figure 2. For instance, on the 9/18-19/79 drift, river mile 6 was
approached at 8.5 hours and 15.2 hours, providing two substantially
different net downstream velocities for this portion of the system.
For this portion of the system, a range of net drogue velocities
was calculated. Velocities were then adjusted by assuming that
"water velocity" was equal to 0.85 times "drogue velocity" to
account for the higher average velocity at the surface of the
river. The resuylts of these calculations are given in Table 2.

Table 2. Calculated Velocities

A.  Over Full Length of Drift {R.M. 12 to 2)

9/18-19/79 10/2-3/79
mph ft/sec mph ft/sec
Net Drogue Velocity 0.40 0.59 0.41 0.60
Net Water Velocity 0.35 0.51 0.35 0.51

B. Freshwater Portion Only (R.M. 12 to 6)

9/18-19/79 10/2-3/79
mph ft/sec mph ft/sec
Net Drogue Velocity 39-0.73 0.91-1.07 0.32-0.49 0.46-0.67
Net Water Velocity 34-0.64 0.51-0.95 0.28-0.40 0.41-0.59

As a best approximation, the following velocities were used in the model:

“Date Net Water Velocity
9/18-19/79 0.73 ft/sec
10/2-3/79 0.50 ft/sec

Saturation Concentration of Dissolved Oxygen (DS)

Equation 2 is used to give the saturation concentration of dissolved
oxygen.

Eq. 2 DS = (14.6214 -.3898 T + .006969 Tz - .0005897 T3) P

H

where: p the partial pressure of oxygen = (P]—Pg)/(760—P?)

P, = atmospheric pressure (mm Hg)

g
i

4.879 (exp(.06378 T))

T = temperature (°C)

~ud



Carbonaceous Biochemical Oxygen Demand (Cc) and Rate Constant (Kj)

Effluent carbonaceous BODg concentrations were determined by analy-
ses of samples taken at the beginning of each drift. Long-term,
multiple~day carbonaceous BOD tests were conducted on the effluent
sample collected on 9/18/79 and on composite effluent samples
collected on 10/30-31/79 by both DOE and Renton treatment plant
personnel. Nitrification was inhibited in all tests with Hach
Nitrification Inhibitor Formula 2553TM (assumed to be 2-chlor, 6-
trichlora, methylperidine). The results of these tests are shown

in Figure 4.
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Standard first-order curves were fitted to the data. The resultant
carbonaceous BOD rate constants are given below.

Date K1(20°C, base e)
9/18-19/79 067 day”]
10/30-31/79 11 day

The average value of .09 day“] was used in the model. This is a
rate which is typical of secondary sewage effluents. Temperature
effects on K, are accounted for by using the standard temperature
correction equation:

(T‘20}>

Eq. 3 K 1.045

1.7 K20

where: T = water temperature (°C)



The initial concentration of ultimate BOD (Cc) in the river is
determined by summing the BOD5 loadings from the river and plant,
and dividing this sum by downstream river flow. This output is
downstream concentration of BODg in mg/1. This is converted to
ultimate BOD concentration using equation 4.

T
£
£
[
o]
1
o
wd

Nilrogenous Oxyyen Demand (Cp) and Rate Constant (Kz)

The rate (K3) at which ammonium {NHZ) is oxidized to nitrite (NO3%)
and, ultimately, nitrate (NO3) is highly dependent on environmental
conditions. Unlike carbonaceous BOD, which is generally oxidized

by a spectrum of heterotrophic bacteria in the water column, ammonia
is oxidized by a few specialized genera of bacteria. These nitrifers
are typically found attached to substrate. Therefore, the nitrifi-
cation rate is a function of river bottom area:water volume ratios,
as well as substrate type. The rate is also highly temperature and
pH sensitive. For these reasons, although the nitrification rate
constant has been estimated from laboratory tests (Harper, 1976;
Welch, 1980), we chose to estimate K3 from in-stream data.

As noted previously, the formation of poor dilution blocks during
high tide, the variable treatment plant flow rate, and Tongitudinal
tidal mixing made interpretation of raw data difficult. For this
reason, raw in-stream data were converted to a standard base.
First, the decimal fraction of effluent in the sample was deter-
mined using equation 5.

Eq. 5 fo= 24

where: f = the decimal fraction effluent in the
sample

C_ = the concentration of a conservative
tracer in the sample

C = the concentration of the tracer upstream
of the discharge

C_ = the concentration of the tracer in the
effluent

For this calculation, measures of specific conductivity (umhos/cm)
were used to determine the decimal fraction. This measure proved
useful on most samples. Some of the lower river samples (R.M. 6-7)
had somewhat elevated conductivities, probably due to fractional
(about 5%) contamination by saltwater. In these cases, a fully
mixed condition was assumed and the decimal fraction was based on
the initial plant and river flow rates.



Using this decimal fraction, the "expected concentration" (i.e.,
assuming no nitrification or alteration of nitrogen forms) of
various parameters including NO;s NO§ and O? was determined using
equation 6. ) )

Eg. 6 C = fe(Ce) + fP(CP)
where: C = expected concentration (mg/1)
f_ = decimal fraction of effluent in
sample
Ce = concentration in effluent (mg/1)
fr = 1-f = decimal fraction of upstream
river water in sample
Cr = concentration in upstream river

Using this technique with total inorganic nitrogen (NO3-M + NOp-M +
NHg-Il) and total nitrogen (NO3-N + NOp-N + NHg-N + Organic N) it
was apparent that inorganic and total nitrogen forms (taken in
total) were conservative. That is, no sources or sinks were ap-
parent between R.M. 12 and &. Th "decision was made to use NO3
and MO3 generation rather than NHj consumption, to determine the
nitrification rate constant. This decision was based on the ob-
servation that standard analytical imprecision on the higher
ammonia concentrations would obscure the effects of nitrification,
while the substantial increases in initially low levels of NO'

and PO would provide a more precise measure,

Using equation 6, expected levels of NO»p-N and NO3-N were calcu-
lated. These were then subtracted from "actual' measured concen-
Lralions Lu give generated concenlrations (Table 3A,B). Because no
'NOZ was initially detected in either effluent or river waters the
oxygen required to produce the generated (excess) NO» and NO

could he determined using the stoichiometric oxygen requ1r9m§nfq
for the oxidation of lH,-N to NOo-N (3.35 g 07 required/g NO»-N
generated) and NO3-N (4.57 g 0o required/g N63~N generated). The
actual oxygen depletion in the sample was also calculated to serve
as a rough measure of total oxygen demand minus reaeration. These
values were then adjusted back to a common base (in this case, pure
effluent) by dividing the resulting oxygen demands by the decimal
fraction of effluent in the sample. These results are tabulated in
Table 3. HNote that for the data collected on 9/18-19/79, the total
oxygen demand detected is consistently 20 to 80% higher than the
nitrogenous oxygen demand (NOD). 10/2-3/79 data do not display
this consistent difference. Because, as later modelling results
will illustrate, carbonacecus BOD appears to account for less than
5% of the total oxygen deficit, this suggests the presence of an
oxygen demand during the 9/18-19/79 survey which was not accounted
for in the survey or subsequent modelling.
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Two measures of time (that is, the "age" of the effluent in any
sample) were used in rate determination. The first was the actual
elapsed time required for the drogue to travel from the discharge
to the sampling point. The second method was to use "net mean
velocity time"; that is, the distance between the sampling point
and the discharge, divided by "net water velocity" (see velocity
determination). The time/NOD data are plotted in Figures 5 and 6.
The curves fitted to the data points were of the form:

. - B -K T
Eq. 7 NOD, NDBu(1 e” "3
where: NODt = nitrogenous oxygen demand exerted by
time t
NOD, = 4.57 x (original effluent ammonia
© concentration) = ultimate oxygen
demand
K3 = pitrification rote constant (day“})
t = time (days)

As can be noted in Figures 5 and 6, the "net mean velocity time"
points generally fall closer to the line than the "actual elapsed
time" points. Using net mean velocity time has two advantages: it
accounts for the fact that water movement through the vertical
profile is, on the average, moving about 15% slower than the surface
drogues; and secandly, it pravides some accounting for longitudinal
mixing which disperses the original effluent parcel with "older"

and "newer" effluent. The superiority of net mean velocity times

in this determination suggests that longitudinal mixing procedes
relatively rapidly.

The resulting rate constants and average water temperature were:

Date Average Temperature K3 (base e)
9/18-19/79 18.0°C A2
10/2-3/79 15.4°C .30

Although laboratory determinations of K3 do not necessarily reflect
environmental conditions in the receiving water, it is interesting
to note that the rates determined here agree well with two inde-
pendenl Taburalory determinations of the nitrification rate of
Renton plant ?ffluent. Harper (1976) reports rates between 0.17
and 0.60 day~! (20°C) determined for dechlorinated Renton effluent
and Green River waters downstream of the discharge. The mean of
the reported values was 0.34 day~!. JWelch and Trial (1979) has
reported values of 0.28 to 0.45 day = (20°C) for samples from three
locations in Green River between the discharge agd saltwater in-
fluence. The mean of these values was 0.39 day™'. In a second

12
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test with 1 mg NH4~N/1 added to these samples, Welch found rates of
0.20 to 0.38 day~' (20°C) with a mean of 0.31 day~ .

As noted earlier, the nitrification rate is very sensitive to
temperature variations. The temperature dependence of K3 has been
expressed by equation 8 (Fritz, et al., 1979):

= 9 -
Eq. 8a K3,T K3,15 exp (.098 (T-15))
where: K3 T~ nitrification rate at temperature, T
K35]5 = nitrification rate at 15°C
T = temperature (°C)

Using the rates and temperatures indicated above, the model uses
the following equation for determining the nitrification rate at
the prevailing water temperature (see figure 7).

Eq. 8b K, = 0.30 exp (.098(T-15))

e

FIGURE 7.
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The initial concentration of ultimate NOD (C,) in the river is de-
termined by summing NH3-N loading from the plant and the upstream
river, multiplying this loading by 4.57 g 02 required/g NH3-N
oxidized to NO3-N, then dividing by total downstream flow. The
output is downstream NODy in mg/1.

Reaeration Rate (KZ)

Among the major variables, only the reaeration rate was not measured.
An on-site measurement of reaeration rate would be a valuable
contribution and should be considered in any fulure studies seeking
to define de-oxygenation processes in the lower Green/Duwamish.

Many equations are available for calculating reaeration based on
river velocity, slope, depth, etc. The method chosen here was
developed from Veltz's (1970) work by Hirsch (1980):

(1, (1.42)("60)(1.1(T-20)y -5
Eg. 9 K, = » (30.48 D)°
m/ 1440
where: m=10.6 (In D) - 6.05 = mix interval
(minutes)
and, K, = reaeration rate (days"])
D = average river/estuary depth (ft)
T = temperature (°C)

Model Results

A listing of the model is shown in the appendix. The model was run for
the conditions recorded on each of the two time-of-travel studies. The
appendix also contains the output from these runs. The results are
shown graphically in Figure 8.

There are several observations which can be made regarding the model
results. The curve fit on the 10/2-3/79 survey is good. The curve fit
for the 9/18-19/79 survey appears to underestimate oxygen depletion.
There are two apparent reasons for this:

1. The data points from R.M. 12 to 11 fall substantially below
the curve because this drift began in the poor dilution block
formed at high tide. Effluent dissolved oxygen concentrations
were depressed, and high initial effluent concentrations in
this block lowered in-stream oxygen concentrations well below
the "average dilution” conditions calculated by the model.
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2. As noted in the discussion of nitrification rate constant
determination, there appears to have been a source of oxygen
demand during this drift which was not accounted for in survey
or modelling design.

In reviewing the model outputs for these two runs (see appendix), it is
important to note that the oxygen depletion due to nitrogenous oxygen
demand was greater than 20 times the depletion attributable to carbon-
aceous BOD. This is particularly important in that several of the
dissolved oxygen concentrations found during the surveys were below the
applicable water quality standards. In-stream nitrification appears to
hear the primary responsibhility for depressed dissolved oxygen concen-
trations in the Green/Duwamish River from R.M. 12 to 6.

To provide an indication of future conditions, the model was run for a
set of conditions which could be expected during low river flow con-
ditions in 1985 and 1990. Upriver conditions were those found during
the two drift studies. The least favorable conditions from each of the
two drifts were chosen:

Upriver flow: 210 cfs

Upriver NH4—N concentration: .08 mg/1

Upriver BOD5 concentration: 1 mg/l

Upriver temperature: 18.45 °C

Upriver dissolved oxygen concentration: 9.2 mg/1
Rate constants were the same as those used in the previous model runs.
Effluent flows were set at 60 and 71 MGD, which were assumed to be an
average 12-hour (12 noon to 12 midnight) flow in 1985 and 1990, respec-
tively. These flows were based on a present (1979) dry weather daily
average flow of 36 MGD, an annual dry weather flow increase of 1.7
MGD/year, and a noon-to-midnight flow 30% greater than the daily average
flow. These assumptions are probably conservative.
Effluent characteristics are based on average September values reported
by the Renton treatment plant for the 1977-to-1979 period (Nunnallee,
personal communication). These values were:

Effluent NH4—N concentration: 15.2 mg/1

Effluent carbonaceous 8005 concentration: 7.9 mg/1

Effluent dissolved oxygen concentration: 6.1 mg/1

Effluent temperature was set at 22.5°C, the value recorded on the 9/17-
18/79 drift study.
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The model output (see appendix) is shown in figure 7 and predicts a
severe dissolved oxygen depletion under projected 1985 low flow condi-

tions.

1.

Two factors require appropriate care in evaluting these results:

The upriver and effluent values chosen do not represent worst-
case conditions. The effluent values represent averages; thus
these values would be "worse" 50% of the time and under some
circumstances might be substanlially worse for shorl time
periods. In addition, as noted earlier, there appeared to be
an unexplained oxygen demand during the 9/18-19/79 study which
could make future conditions worse than projected.

The model assumes the continued accuracy of the rate constants
used. An in-stream measurement of the reaeration rate (K2)
would be helpful. However, perhaps the most critical assump-
tion is that the nitrification rate will remain stable if
ammonia loads to the river continue to increase. Nitrifi-
cation rates in natural streams are by no means clearly de-
fined. It appears, however, that they may be limited or
strongly controlled by in-stream ammonia concentrations,
population density of nitrifiers, and in-stream oxygen con-
centrations. At the present time there is no reliable way

to predict these effects.

Conclusions

1.

Effluent from the Renton wastewater treatment plant is re-
sponsible for dissolved oxygen depletion in the lower Green/
Duwamish River during low river flow conditions. Data from
time-of-travel studies and modelling of the dissolved oxygen
depletion place the present depletion at 2 to 3 mg/1.

Detailed analysis of in-stream NOp-N and NO3-MN generation,
long-term laboratory tests of effluent carbonaceous BOD, and
stream modelling indicates that effluent nitrogenous oxygen
demand accounts for more than 95% of the in-stream oxygen
demand.

Low dissclved oxygen concentrations in the effluent depress
oxygen concentrations upon initial mixing. The formation of
poor dilution blocks during high tide aggravates this phe-
nomenon.

Dissolved oxygen concentrations downstream from the piant
approached, and in some cases violated, existing water
quality standards.

Projeclion of current trends suggests further substantial

degradation of the lower Green/Duwamish River as plant flow
increases and in-stream dilution ratios decrease.
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